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Influence of crossbreeding on meat goat doe fitness when comparing Boer F1 with
base breeds in the Southeastern United States1
Piush Khanal,2 Maria L. Leite-Browning, and Richard Browning, Jr.3
College of Agriculture, Tennessee State University, Nashville, TN 37209-1561

ABSTRACT: Understanding fitness level among
various breeds is essential for sustainable meat
goat production. Research on the relative fitness
of Boer F1 does and straightbred base breed has
been limited. Meat goat does of various genotypes
(Boer, Kiko, Spanish, Boer × Kiko reciprocal F1
crosses, and Boer × Spanish reciprocal F1 crosses)
were studied to evaluate breed effects on doe fitness traits and the expression of heterosis over 7
production years. The herd was semi-intensively
managed under humid subtropical pasture. Doe
age affected (P < 0.05) various traits. Boer × Kiko
does were heavier (P < 0.05) than Boer does at fall
breeding, but Boer × Spanish does did not differ (P
> 0.05) from Boer does for breeding weight. The
body weights of Boer × Spanish and Boer × Kiko
crosses did not differ (P > 0.05) from the weights
of their respective Kiko and Spanish base cohorts
at breeding, kidding, or weaning. Boer does had
lower (P < 0.05) kidding rate (KR) and weaning

rate (WR) than the other breeds and crosses. Boer
× Kiko and Kiko were similar for KR and WR.
Boer × Spanish and Spanish were also similar for
KR and WR. However, the combined group of
Boer F1 does had lower (P < 0.01) KR and WR
than the combined purebred biotype group of
Kiko and Spanish does. Boer does weaned smaller
(P < 0.05) litter sizes per doe exposed compared
with Kiko, Spanish, Boer × Kiko, and Boer ×
Spanish does with the latter four doe breedtypes
not differing from each other. The combined Boer
F1 doe group weaned smaller (P < 0.05) litter sizes
per doe exposed than the combined purebred group
of Kiko and Spanish does. Boer × Kiko dams had
higher (P < 0.05) fecal egg counts at parturition
than Kiko dams. Significant heterosis was observed
for reproductive traits within each of the 2-breed
diallels. Boer F1 does exhibited reproductive output
similar to or lower than Kiko and Spanish straightbred does and higher than Boer straightbred does.
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INTRODUCTION
The common breeds of meat goat in United
States are Boer, Kiko, and Spanish. The Boer goat
originated from South Africa and was developed
to be a superior meat producer (Casey and Van
Niekerk, 1988; Malan, 2000). The Kiko goat originated in New Zealand as a composite produced
by crossing dairy sire breeds with feral does and
selected for hardiness along with meat production (Batten, 2014). The Boer and Kiko were
first imported by the United States in the early to
mid-1990s to enhance the resident population of
Spanish goats. The Spanish goat is landrace breed
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which evolved in the United States from goats
delivered by Spanish explorers in the 1500s (Glimp,
1995). A common perception is that the Boer is the
most productive meat goat breed and has thus been
introduced to most regions of the world. Adequate
research is required to find which breeds or crosses
are better suited for a particular environment across
a range of economically important traits. This is
especially true for female fitness traits. Boer does
had reduced fitness levels than Kiko and Spanish
does in studies under humid, subtropical pasture
conditions (Browning et al., 2011; Wang et al.,
2017). Similar work is needed to assess Boer-cross
does since the influx of Boer germplasm has led to
a substantial number of Boer-influenced does in
commercial herds. Limited research has been published on the comparative evaluation of Boer-cross
and base breed does (Kimmés, 1992; Yonghong
et al., 2001; Rhone et al., 2013, 2016). There is an
absence of maternal heterosis estimates in the literature for female fitness in meat goats involving
complete diallels. The objectives of the current
study were to compare Boer F1 does with straightbred Boer, Kiko, and Spanish base goats for female
fitness traits and to generate heterosis estimates.
MATERIALS AND METHODS
Study Population
Data for reproductive performance and health
were collected over 7 production years from does
born and raised on the Tennessee State University
(TSU) research station. The number of does and
doe records by genotype are included in Table 1.
The study does were produced from the mating of
Boer, Kiko, and Spanish does to Boer, Kiko, and
Spanish bucks over 4 yr (Browning et al., 2011;
Wang et al., 2017). All of the Boer (n = 27), Kiko
(n = 16), and Spanish (n = 15) sires produced

straightbred and F1 half-sib daughters in the study
population. Doelings were raised as replacements
without selection for performance and added to the
breeding herd at 1.5-yr-old (Khanal et al., 2016).
Early work on this study involving 2 yr of primiparous doe observations was published by Nguluma
and coworkers (2013). Calendar year references
correspond to the year of kidding in a fall breeding,
spring kidding production year. Herd management
protocols were approved by the TSU Animal Care
and Use Committee.
Herd Management
The herd was semi-intensively managed on
the TSU research station that is situated on river
bottomland along Cumberland River (36°10′ N,
86°49′W) in Nashville, TN. The research station
is in the humid subtropics at 183 m above the sea
level and receives 1,222 mm of precipitation evenly
distributed throughout the year. The herd foraged
predominantly cool-season tall fescue (Festuca
arundinacea) and warm-season bermuda grass
(Cynodon dactylon). Other species of grasses, clovers, and broadleaf weeds were available in the pasture for grazing and browsing. Does were provided
free-choice access to orchard grass hay (Dactylis
glomerata) for winter consumption. From 2009 to
2014, nutrient supplementation followed the protocol of Wang et al. (2017). Supplementation in
2015 and 2016 was the same as in 2014 as the herd
was fed the 16% CP commercial pellet (454 g/d)
during the breeding season and whole cottonseed
(Gossypium hirsutum; 22% CP and 85% TDN,
as-fed basis; 262 g/d) during gestation and first 30 d
of the lactation. Water and minerals were provided
for free-choice access at all times.
Does were randomly assigned to different service sire breeds (Boer, Myotonic, Kiko, Savanna,
and Spanish) in breeding pens for 30 to 45 d in

Table 1. Number of study does and doe records at each production period of observation
Doe genetic group1
Item
Doe inventory
Breeding
Kidding
Weaning
Production records
Breeding
Kidding
Weaning

BB

KK

SS

BK

KB

BS

SB

13
3
2

58
49
41

56
47
41

39
30
26

23
19
15

33
23
20

26
21
18

20
4
2

144
111
90

141
112
95

91
61
52

52
37
27

67
44
38

54
35
26

First letter of doe genetic group designated sire breed of doe and second letter indicates dam breed of doe (B = Boer; K = Kiko; S = Spanish).
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single-sire breeding pens. Service-sire breeds used
each year were balanced across doe genotypes,
but were not balanced across production years.
Service sires were equipped with a marking harness
to identify does mated. Kidding occurred between
February and May. Kids were born on pasture
with shelter provided. Kids at birth were weighed,
tagged for unique identification, and recorded with
dam identification. Kids were not vaccinated before
weaning. Male kids were not castrated. Kids were
not creep-fed in 2009 to 2013. One half of the kids
were creep-fed from 2014 to 2016 (Hayes et al.,
2016). Creep feeding assignments were balanced
across dam age, dam breed, kid sex, service-sire
breed, and litter size. All kids suckled dams until
weaned at a contemporary group median age of
approximately 90 d. Kids at weaning were weighed,
dewormed, and vaccinated against Clostridium perfringens Type C and D, tetanus, and pneumonia. The
herd was routinely checked every day for well-being status. Does expressing clinical symptoms of
endoparasite infestation (e.g., scours, mandibular
edema, and anemia) were orally treated with an
anthelmintic. Other health issues such as lameness
were also treated upon observation. Does exited the
herd primarily because of death or failure to wean
a kid twice. Does were vaccinated annually against
pneumonia and clostridial diseases 1 mo before
parturition and were dewormed at parturition.
Data Collection
Doe body weights (BW), fecal egg count (FEC),
and packed cell volume (PCV) were determined in
each year at breeding, kidding, and weaning. Doe
reproductive traits study included kidding rate
(KR), weaning rate (WR), litter size at kidding
(LSK), LS at weaning (LSW), total litter weight
at birth (LWK), and total LW at weaning (LWW).
Fertility (i.e., KR) was measured based on the does
kidding per does exposed and was coded “0” if a
doe did not kid and “1” if a doe kidded. Similarly,
the proportion of does weaning at least 1 kid per
doe exposed was treated as a binary trait. Stillborns
(kids born dead) were excluded from LSK and
LWK determinations. Kid alive but rejected by
dams, orphan, and hand-raised kids were excluded
from LSW values. Survival rate (SR) was measured
based on doe inventories at the start (1 September)
and end (31 August) of a production year. Doe
survival was coded as “1” if still in the herd by
31 August and “0” if a doe exited the herd by 31
August. Does exited the herd via mortality or being
culled after failure to wean a kid for the second

time. FEC was determined for does to assess gastrointestinal parasite loads. For each fecal sample,
2 g of sample were dissolved in 28-mL saturated
salt solution. After filtration, the mixed fecal sample solution was transferred to a gridded 2-chamber
McMaster slide for counting eggs. The McMaster
technique had a detection limit of 50 eggs/g (Coles
et al., 2006). Blood samples were drawn from the
jugular vein, stored in EDTA tubes, and transported to the laboratory for PCV determination.
Processing for PCV followed the procedure detailed
by Wang et al. (2017).
Statistical Analysis
Doe weight, litter weight, FEC, PCV, and
production efficiency data were analyzed using
MIXED model procedures for repeated measures
of SAS (SAS Inst. Inc., Cary, NC). FECs were
transformed by log10 (egg count + 1) for statistical operation and back-transformed to geometric
means for presentation. Doe breed, doe age, and
interaction of the 2 were the fixed effects. Servicesire breed was included as a fixed effect in the models for LWK and LWW. Production year and doe
nested in doe breed were the random effects.
Various analyses were applied to different doe
populations. The breeding population included all
does in the herd during fall breeding; this is sometimes referred to as the whole-herd population.
The kidding population included only does with
successful parturitions. The weaning population
included only does weaning at least 1 kid. To balance the doe age groups, does 6 yr and older were
combined as a single group (age 6+) when analyses
were based on the breeding and kidding doe populations. Does 5 yr and older were combined as a
single group (age 5+) when analyses were based on
weaning doe population. Boer goats were removed
from analyses of kidding and weaning populations
because of insufficient sample size.
The proportions of does in the fall breeding herd
that kidded (KR), weaned kids (WR), and survived
(SR) until the end of a production year were analyzed using GLIMMIX model procedures of SAS
using binomial distribution. Litter size at kidding
and LSW were analyzed using GLIMMIX model
procedures of SAS using Poisson distribution.
Linear contrasts were run within the Boer–
Kiko and Boer–Spanish diallels to estimate heterosis effects within each 2-breed diallel similar to
those used by Browning and Leite-Browning (2011)
as described by Riley et al. (2007) using MIXED
model procedures of SAS. Heterosis estimates
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were generated for whole-herd traits that included
all does exposed (doe body weight at breeding,
KR, WR, SR, FEC and PCV at breeding, LSW,
and LWW). Heterosis for whole-herd analysis was
based on the variance of the reciprocal crossbred
doe mean from the straightbred doe mean within
each 2-breed diallel.
The Tukey–Kramer mean separation test
was used for comparing the least square means
(α = 0.05) for all doe traits. Probability levels less
than 0.05 for the F-statistic were regarded as indicating a significant difference.
RESULTS AND DISCUSSION
Doe Body Weight
Doe breed × doe age did not affect (P > 0.05) doe
body weight at any of the measurement times. Age of
doe and breed were important sources of variations
(P < 0.001) affecting breeding, kidding, and weaning
doe weights. Does generally increased in body weight
with advancing age (Table 2). This result agreed with
Browning et al. (2011). Wilson and Light (1986)
also suggested that young primiparous dams may be
lighter than the general doe population which could
adversely affect their reproductive outcomes.
Doe weights in the current study were generally lower than in the earlier study at this location.
Does in the earlier study of Browning et al. (2011)
received a higher level of supplementation than in
the current study. Additionally, many does in the
earlier study were acquired from outside seedstock
herds developed under higher management levels. Mean Boer doe weight was lower here than at
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some other study locations (Greyling et al., 2004;
Menezes et al., 2016), but similar to other study
sites (Kamarudin et al., 2011; Abd-Allah et al.,
2015). Kiko, Spanish, and Boer × Spanish doe
weights reported in this study were lower than at
other study locations (Rhone et al., 2013; Batten,
2014). The lower weight of does in the current
study than at some other locations might be due to
differences among management environments for
doe development and production.
Kiko does were heavier than Spanish does at all
3 measurement points in agreement with Browning
et al. (2011). Boer × Kiko does were heavier (P < 0.05)
than Boer does but Boer × Spanish does did not differ from Boer does at breeding. This may be related
to the observation that Boer–Kiko combination generated a higher level of heterosis for weaning weight
than the Boer–Spanish combination (Browning and
Leite-Browning, 2011). Boer F1 does did not differ from the respective non-Boer parental breeds
(i.e., Kiko and Spanish does). Rhone et al. (2013)
reported that Boer × Spanish does were heavier than
Spanish does. Similarly, Jiabi et al. (2001) reported
that crossing of Boer with several local breeds in
China increased mature doe body weights. The contrast between this study and the 2 cited reports for
doe weight may be partly because the cited studies
lacked an assessment of the reciprocal cross does by
not having daughters of Boer dams. Earlier work
here (Browning and Leite-Browning, 2011) indicated
that Boer had a significantly negative maternal effect
on weaning weight. Boer × Spanish reciprocal-cross
F1 does were lighter (P < 0.05) than Boer × Kiko
reciprocal-cross F1 does at each time point, probably
reflecting the heavier weight of the Kiko base breed
compared with the Spanish base.

Table 2. Effect of doe breed and doe age on doe body weight at different production time points
Doe weight, kg
Class
Breed of doe
Boer
Kiko
Spanish
Boer × Kiko
Boer × Spanish
Age of doe, yr
2
3
4
5
6+

Breeding

Kidding

Weaning

32.47 ± 1.75c
38.39 ± 1.20ab
33.29 ± 1.20c
38.58 ± 1.20a
35.39 ± 1.21bc

–
37.76 ± 1.29a
33.86 ± 1.29b
38.00 ± 1.30a
34.70 ± 1.32b

–
35.54 ± 0.96ab
32.70 ± 0.95c
37.48 ± 0.95a
34.74 ± 1.00bc

29.50 ± 1.16e
32.66 ± 1.20d
34.86 ± 1.19c
38.45 ± 1.21b
42.66 ± 1.29a

29.44 ± 1.23d
34.19 ± 1.31c
36.85 ± 1.29b
38.05 ± 1.31b
41.86 ± 1.41a

30.71 ± 0.81d
34.18 ± 0.92c
36.03 ± 0.88b
39.53 ± 0.88a
–

LSmeans (±SE) within a class and trait not sharing common superscript differ (P < 0.05).

a–e
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Whole-Herd Reproductive and Survival Rates
Only doe breed (P < 0.001) affected KR.
Fertility (i.e., KR) was lower (P < 0.01) for Boer
does than for Spanish and Kiko does (Table 3), in
agreement with Browning et al. (2011) and Wang
et al. (2017). Boer does also had lower KR than
both Boer-cross groups (Table 3). The KR of
Boer F1 groups did not differ (P > 0.05) from their
respective straightbred Kiko and Spanish cohorts
which agreed with Rhone et al. (2013).
Doe age and doe breed influenced (P < 0.01) WR.
Five-year-old does had lower (P < 0.01) WR than 3and 4-yr-old does (Table 3). Two- and 6+-yr-old does
did not differ from the extremes. This response differed from that of Browning et al. (2011) where doe
age did not affect WR. Boer doe had lower (P < 0.05)
WR than Kiko and Spanish (Table 3) which agreed
with Browning et al. (2011) and Wang et al. (2017).
Boer does also had lower (P < 0.01) WR than Boer
× Kiko and Boer × Spanish does (Table 3). The WR
of Kiko and Spanish straightbred does did not differ from their Boer-cross contemporaries. The lower
WR of Boer is most likely related to their lower
expressed level of fertility.
Boer does were removed from the dataset and
the data were reanalyzed for KR and WR. Doe
genotype was analyzed with Kiko and Spanish
does merged to form 1 straightbred group. Boer
× Kiko and Boer × Spanish does were merged to
form 1 Boer F1 crossbred group. In this analysis,
doe age × genotype was not significant for either
trait. Genotype influenced (P < 0.01) KR and WR.
The straightbred doe group had higher (P < 0.01)
KR and WR (82.9 ± 8.7% and 69.5 ± 8.3%) than
the Boer F1 group (71.8 ± 12.3% and 58.9 ± 9.2%).
Several sheep studies have looked at fertility in straightbred vs. crossbred ewes with mixed

outcomes depending on the breeds and crosses
involved (Boujenane and Bradford, 1991; Fogarty
et al., 2000; Boujenane et al., 2003; Barbato et al.,
2011). In goats, studies comparing doe breeds for
fertility are in short supply and structured studies
involving crossbred does seem to be even more difficult to find in the scientific literature. Literature
related to genetic comparisons for whole-herd WRs
among doe breeds and their crosses is also scarce.
Boer F1 does in the current evaluation showed
higher fertility and WR than Boer does but did
not differ from the other individual base breeds.
However, the Boer-cross does as a single genetic
group had lower KR and WR than the base breeds
when Kiko and Spanish were grouped as a single
purebred biotype.
Doe breed and doe age affected (P < 0.05) doe
SR. Does from 3-yr-old does had higher (P < 0.05)
SR than does 6+ yr of age (Table 3). Doe SR of
2-, 4-, and 5-yr-old does were intermediate and not
differing from either extreme. It was not surprising that older does were at higher risk of exiting
the herd via mortality or involuntary culling than
younger does.
Survival rate for Boer does was lower (P < 0.05)
than that of Kiko does (Table 3). Survival rate of
the Boer does was higher than their reproductive
rates. This coupled with the small size of the Boer
population led to the Boer doe group not statistically separating from Spanish and the 2 Boer-cross
doe groups. Boer does had lower SR than Kiko and
Spanish does in 2 earlier reports from this research
station (Browning et al., 2011; Wang et al., 2017).
The SR of Boer × Kiko and Boer × Spanish does
were closely aligned with their respective non-Boer
base cohorts. The data were reassessed excluding
the Boer does. Statistical nonsignificance remained
among the remaining 4 doe groups. Similar to the

Table 3. Effect of doe breed and doe age on whole herd reproductive and survival rates
Class
Doe breed
Boer
Kiko
Spanish
Boer × Kiko
Boer × Spanish
Doe age
2
3
4
5
6+

Kidding rate, %

Weaning rate, %

Survival rate, %

18.4 ± 12.7b
81.7 ± 9.6a
84.9 ± 8.3a
73.5 ± 12.4a
70.9 ± 13.2a

11.1 ± 9.7b
67.1 ± 15.4a
73.7 ± 13.5a
60.7 ± 13.5a
61.0 ± 16.6a

53.2 ± 11.8b
84.8 ± 3.3a
79.1 ± 3.8ab
78.1 ± 3.9ab
79.1 ± 4.1ab

67.8 ± 13.8
75.8 ± 12.2
75.6 ± 12.8
48.6 ± 16.9
65.5 ± 15.4

49.4 ± 17.5ab
64.1 ± 16.7a
72.7 ± 14.9a
32.7 ± 16.3b
43.4 ± 18.2ab

77.0 ± 3.6ab
84.9 ± 4.8a
75.8 ± 5.2ab
76.8 ± 5.8ab
61.9 ± 6.7b

LSmeans (±SE) within a class and trait not sharing common superscript differ (P < 0.05).

a,b
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current study, Rhone et al. (2013) reported no difference in survival between Spanish and Boer ×
Spanish does.
Litter Characteristics at Parturition
Litter traits at kidding were only assessed with
the population of does that kidded. Prolificacy (i.e.,
LSK) was not affected by a doe age × doe breed
interaction. Doe age influenced LSK (P < 0.05;
Table 4). The only doe-age groups that differed were
3- and 6+-yr-old, with the latter having more kids
on average. Zhang et al. (2009) and Browning et al.
(2011) reported that the LSK for does was lower for
1- to 2-yr-old and higher for 4- and 5-yr-old dams.
Rhone et al. (2013) suggested an increase of LSK
from 2- to 9-yr-old does. Breed of doe did not significantly affect LSK. Previous studies at this location
also failed to find differences in LSK between Kiko
and Spanish does (Browning et al., 2011; Wang
et al., 2017). Several other studies similarly found
that LSK in crossbred does was not improved over
that in straightbred does (Wilson and Murayi, 1988;
Karua and Banda, 1994; Montaldo et al., 1995).
Although Rhone et al. (2013) reported no difference between Boer x Spanish and Spanish for LSK
in agreement with the current study, 2 other reports
indicated that Boer-cross does had smaller LSK
than the non-Boer base local doe breeds (Kimmés,
1992; Yonghong et al., 2001). Few studies have
reported an effect of doe breed or breed cross on
LSK (Meza-Herrera et al., 2014). There is an interest in exploiting possible genetic differences in prolificacy to enhance meat goat productivity (Maitra
et al., 2014; El-Tarabany et al., 2017). However, the
current study along with the majority of others in
Table 4. Effect of doe breed and doe age on litter
traits at parturition in meat goat does
Class
Breed of doe
Kiko
Spanish
Boer × Kiko
Boer × Spanish
Doe age
2
3
4
5
6+

Litter size, kids

Litter weight, kg

1.68 ± 0.09
1.60 ± 0.08
1.65 ± 0.09
1.54 ± 0.09

3.90 ± 0.58ab
3.45 ± 0.58b
4.09 ± 0.58a
3.68 ± 0.58ab

1.57 ± 0.08ab
1.47 ± 0.09b
1.59 ± 0.09ab
1.64 ± 0.10ab
1.83 ± 0.11a

3.07 ± 0.58c
3.61 ± 0.60bc
3.76 ± 0.59bc
3.87 ± 0.60ab
4.58 ± 0.60a

a–c
LSmeans (±SE) within a class and trait not sharing a common
superscript differ (P < 0.05).
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the literature suggests that breed differences for this
trait are not common.
Litter weight at kidding was not affected by
a doe age × doe breed interaction or service-sire
breed. Doe breed and doe age significantly influenced (P < 0.001) LWK (Table 4). The LWK of
2-yr-old does was lower than for does aged 5 yr and
older. Does aged 6 yr and older had heaver LWK
that the 3 youngest doe groups (Table 4). In general,
LWK increased with dam age. Similarly, Rhone
et al. (2016) reported that LWK continued to
increase with advancing doe age, whereas Browning
et al. (2011) did not find a significant increase of
LWK in does from 3 yr of age onward.
Spanish did not differ from Kiko does for LWK
which agreed with past studies (Browning et al.,
2011; Rhone et al., 2016). Boer × Kiko did not differ
from Kiko does for LWK and Boer × Spanish does
did not differ from Spanish (Table 4). In general,
the Boer maternal influence did not affect LWK.
The LWK in F1 does was higher than in straightbred does in a 2-breed study (Tsukahara, 2008) but
not an earlier study involving several goat breeds
(Montaldo et al., 1995). Litter traits at parturition
represent both the end point for in utero conceptus
development and the starting point for preweaning
kid growth and development. As such, the litter
traits at kidding can be used to assess if any differences in the uterine environment among maternal genotypes or litter types may exist that could
affect postnatal offspring performance and warrant
further inquiry (Rhind et al., 2001; Du et al., 2010;
Pillai et al., 2017).
Litter Characteristics at Weaning
Doe age × doe breed and doe age as a main
effect were not important sources of variation for
LSW within the 3 populations evaluated. There
was no breed influence (P > 0.05) on LSW based
in the kidding and weaning populations (Table 5).
Within the breeding population, Boer had smaller
(P < 0.05) LSW than Kiko and Spanish (Table 5)
which agreed with Browning et al. (2011). Boer
does also had smaller (P < 0.05) LSW than Boer ×
Kiko and Boer × Spanish. This was likely because
Boer does exhibited low fertility.
The doe breed × doe age interaction and service-sire breed did not influence (P > 0.05) LWW.
Dam age influenced (P < 0.05) LWW (Table 6).
Three- and 4-yr-old does had heavier (P < 0.05)
LWW than 2- and 6+-yr-old does based on breeding population. Two-year-old does had lighter
(P < 0.05) LWW than 4-yr-old does within kidding
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Table 5. Effect of doe breeds and doe age on litter size at weaning by doe population
Litter size, n kids
Class
Breed of doe
Boer
Kiko
Spanish
Boer × Kiko
Boer × Spanish
Doe age1
2
3
4
5
6+

Breeding population

Kidding population

Weaning population

0.16 ± 0.08b
0.94 ± 0.08a
0.92 ± 0.08a
0.78 ± 0.07a
0.71 ± 0.08a

–
1.17 ± 0.14
1.13 ± 0.14
1.09 ± 0.13
1.02 ± 0.13

–
1.34 ± 0.15
1.26 ± 0.14
1.19 ± 0.14
1.15 ± 0.14

0.55 ± 0.06
0.55 ± 0.08
0.67 ± 0.09
0.66 ± 0.09
0.56 ± 0.09

1.01 ± 0.12
1.09 ± 0.16
1.20 ± 0.16
1.06 ± 0.15
1.14 ± 0.17

1.17 ± 0.14
1.21 ± 0.16
1.34 ± 0.17
1.20 ± 0.14
–

For the weaning population, age 5 includes all does of age 5 and older (i.e., 5+).
LSmeans (±SE) within a class and trait not sharing a common superscript differ (P < 0.05).

1

a,b

Table 6. Effect of doe breed and age on litter weight at weaning by doe population
Litter weight, kg
Class
Breed of doe
Boer
Kiko
Spanish
Boer × Kiko
Boer × Spanish
Doe age1
2
3
4
5
6+

Breeding population

Kidding population

Weaning population

3.34 ± 2.93b
13.90 ± 1.90a
13.04 ± 1.90a
11.79 ± 1.89a
10.22 ± 1.93a

–
18.20 ± 1.69
16.54 ± 1.69
17.39 ± 1.72
15.44 ± 1.79

–
22.22 ± 0.99a
19.15 ± 0.98b
20.98 ± 1.04ab
18.10 ± 1.10b

8.05 ± 1.93b
11.89 ± 2.17a
13.40 ± 2.11a
9.64 ± 2.14ab
9.32 ± 2.18b

13.41 ± 1.67b
17.55 ± 1.96ab
19.56 ± 1.85a
17.73 ± 1.97ab
16.23 ± 2.01ab

17.41 ± 0.92b
20.57 ± 1.24ab
21.02 ± 1.08a
21.38 ± 1.03a
–

For the weaning population, age 5 includes all does of age 5 and older (i.e., 5+).
LSmeans (±SE) within a class and trait not sharing a common superscript differ (P < 0.05).

1

a–c

population. Two-year-old does also had lighter
(P < 0.05) LWW than does aged 4 yr and older for
the weaning population. This study generally agrees
with past reports from this location in that litter
weaning traits improve in does as they advanced
past 2 yr of age (Browning et al., 2011; Wang et al.,
2017).
Based on breeding population, Boer does had
lighter (P < 0.05) LWW than the other 4 doe genotypes with the other 4 not differing from each
other. The lighter LWW of Boer does agreed with
Browning et al. (2004) and Browning et al. (2011).
This was probably closely tied to the lower LSW
for the Boer does under the low-input management
conditions.
Boer does were removed from the dataset and
the data were reanalyzed for LSW and LWW for
the breeding population. As with KR and WR, doe

genotype was analyzed with Kiko and Spanish does
combined into 1 straightbred group. Boer × Kiko
and Boer × Spanish does were combined into 1 Boer
crossbred group. Doe age × genotype was not significant for either trait. Genotype affected (P < 0.01)
LSW and LWW. The group of straightbred does
had higher (P < 0.01) values than the Boer crossbred group for LSW (0.91 ± 0.12 vs. 0.73 ± 0.10
kids weaned/doe exposed) and LWW (12.87 ± 1.36
vs. 10.39 ± 1.45 kg weaned/doe exposed).
Litter weaning traits of Boer does within the
kidding and weaning populations could not be
compared in this study because of their low SR and
KR. In a series of sheep studies involving various
ewe breeds, separation among straightbred and
crossbred ewes was evident for weaning litter traits
(Boujenane and Bradford, 1991; Boujenane and
Kansari, 2002; Boujenane et al., 2003). Straightbred
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base ewe breeds differed, crossbred ewes commonly
exceeded the inferior base breed, and crossbred
ewes may or may not have differed from the superior base breed. Similar studies in does involving
multiple goat breeds and breed crosses to measure
comparative weaning litter traits were not readily
available in the literature.
Litter size and litter weight at weaning are
important economic traits in meat goats. They are
influenced by doe fertility, mothering ability, and
the ability of does to stay healthy. The levels of
whole-herd litter traits at weaning in this study were
lower than in the earlier study for the 3 straightbred doe groups (Browning et al., 2011) when
does were on a higher level of supplementation.
The most recent national survey of the U.S. goat
industry indicated that kid crop born was 1.03 kids/
doe across 1.26 million does (USDA-NASS, 2018).
A lower kid crop weaned would be expected in the
surveyed national inventory. The LSW in this study,
although lower than in the earlier study from this
lab (Browning et al., 2011), seemed generally reflective of the national level of doe reproductive output
and may reflect lower management levels in commercial meat goat production systems.
The poor performance of Boer does in this
and previous studies (Browning et al., 2004, 2011;
Wang et al., 2017) suggested that the reproductive
output of Boer F1 does would not approach the levels of non-Boer base breeds. Boer F1 does showed
weaning output similar to or lower than their nonBoer base contemporaries. These are important
outcomes to consider since a sizeable proportion
of U.S. commercial meat goat does are Boerinfluenced. Observations that infusion of Boer germplasm into the doe herd through crossbreeding

did not improve doe performance were noteworthy because large-scale Boer importations were
expected to make sweeping improvements in meat
goat fitness and other aspects of herd performance
(Erasmus, 2000; Malan, 2000), including that of the
landrace Spanish goat in the United States. Boer
germplasm did not improve the reproductive merits of the Kiko or Spanish populations. Ironically,
crossbreeding with Kiko or Spanish dramatically
enhanced reproductive performance of the Boer
population.
Fecal Egg Count and Packed Cell Volume
FECs were not affected by an interaction of
doe breed × doe age or doe age within any of the
population datasets (Table 7). Doe breed affected
(P < 0.05) FEC in the kidding population. The
Boer × Kiko does had higher kidding FEC than
Kiko-straightbred does (Table 7). The increased
FEC for Boer × Kiko does compared with Kiko
does is probably related to the tendency for higher
FEC values in lactating Boer does. Spring kidding
is when FEC values are the greatest because of the
noted periparturient rise in endoparasitism (Baker
et al., 1998; Wang et al., 2017). Wang et al. (2017)
reported higher FEC for Boer does than for Kiko
and Spanish does. Browning et al. (2011) reported
higher rates of clinical endoparasitism for Boer
does than for Kiko and Spanish does. In agreement
with the current study, 2 recent reports from this
location (Goolsby et al., 2017; Wang et al., 2017)
reported no differences between Kiko and Spanish
does for FEC.
PCV was not affected by interaction between
doe breed and doe age within any of the population

Table 7. Effect of doe breed and doe age on fecal egg count1 at different production time points
Fecal egg count, eggs/g
Class
Breed of doe
Boer
Kiko
Spanish
Boer × Kiko
Boer × Spanish
Doe age2
2
3
4
5
6+
1
2

Breeding

Kidding

Weaning

451
170
235
234
270

–
1151b
1192ab
1795a
1243ab

–
890
837
870
650

245
300
294
194
272

1168
1119
1308
1512
1565

824
953
696
765
–

Geometic means.
For the weaning population, age 5 includes all does of age 5 and older (i.e., 5+).
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datasets. Only doe age affected (P < 0.05) PCV
(Table 8). Wang et al. (2017) reported lower PCV
for Boer does than for Kiko and Spanish does.
Lack of difference in PCV between Boer and other
base breeds in the breeding population in this study
might be because of the lower number of Boer does
in this study. In addition, the Boer does were only
included in the assessment of FEC and PCV during fall breeding test period when endoparasite burden would be low when compared with the spring
kidding and summer weaning periods (Wang et al.,
2017). Similar FEC and PCV among Boer-cross
does and their non-Boer parental breeds suggested
that crossbreeding was effective in diluting the negative effect of Boer germplasm on endoparasitism.
The PCV values decreased with increasing dam age
in agreement with Wang et al. (2017) and with the
report of Kaplan et al. (2004) in which FAMACHA
score increased with doe age. FAMACHA scores (a
system of classifying eye color to detect endoparasite-induced anemia in small ruminants; Kaplan
et al., 2004) are negatively correlated with PCV.
Selecting and using genetically resistant goat
breeds suitable to the particular environment
could be an effective way to reduce endoparasitic
loads, particularly since anthelmintic use is becoming a less reliable option for meat goat managers
(Goolsby et al., 2017). Problems may arise if introduced goat breeds exhibit heightened sensitivity to
endoparasites in a given production environment.
It is not clear in the literature if crossbreeding is an
effective genetic approach to reduce endoparasitism in doe herds. Few studies have been published
where maternal breeds and their crosses have been
compared for FEC and PCV, none were found for
meat goats. In 3 sheep studies where unimproved,

landrace-type ewe breeds had lower FEC than
improved, commercial-type ewe breeds, the crossbred ewes had FEC similar to the landrace base–
breed ewes (Yazwinski et al., 1979; Amarante et al.,
1999), whereas the crossbred ewes had FEC similar
to commercial base–breed ewes in the third study
(Baker et al., 1999). The crossbred does in the current study followed the segregation of the former
two studies with FEC similar to the better base doe
breeds. Crossbred F1 ewes did not differ from purebred ewes for PCV (Goossens et al., 1999), in agreement with this doe study. It appears that if lowering
FEC and increasing PCV are herd objectives, producing crossbred does would not be advantageous
over maintaining straightbred does of a relatively
parasite-tolerant breed.
Heterosis Estimates
Heterosis is a benefit of crossbreeding that
improves performance in hybrid livestock. It is generally thought that fitness traits express higher levels of heterosis than other traits. Heterosis has been
well studied in breeding ewes (Nitter, 1978; Long
et al., 1989; Bittante et al., 1996). Meat goat does
have not been studied to a great extent for heterosis in mature weights or breeding herd fitness traits
(Shrestha and Fahmy, 2007). The current study
may be the first to do so with complete diallels for
doe assessment. In the current population, heterosis for doe weight at breeding was significant for
both Boer F1 crosses (Table 9). Relative heterosis
for breeding doe weight was slightly higher than the
mean of values reviewed for breeding ewes (Nitter,
1978), lower than observed in breeding ewes by
Gallivan et al. (1987), and higher than relative

Table 8. Effect of doe breed and doe age on packed cell volume at different production times
Packed cell volume, %
Class
Breed of doe
Boer
Kiko
Spanish
Boer × Kiko
Boer × Spanish
Doe age1
2
3
4
5
6+

Breeding

Kidding

Weaning

21.42 ± 1.85
24.73 ± 1.06
23.61 ± 1.06
23.58 ± 1.06
22.49 ± 1.09

–
23.12 ± 0.60
22.52 ± 0.60
22.18 ± 0.62
22.59 ± 0.67

–
19.90 ± 1.04
19.56 ± 1.03
18.93 ± 1.07
19.57 ± 1.14

24.12 ± 1.14
23.13 ± 1.12
23.33 ± 1.09
22.27 ± 1.11
22.98 ± 1.14

25.11 ± 0.62a
23.90 ± 0.61ab
22.58 ± 0.56bc
21.22 ± 0.61c
20.19 ± 0.66c

20.67 ± 1.10a
20.36 ± 1.10a
18.88 ± 1.03ab
18.04 ± 0.99b
–

For the weaning population, age 5 includes all does of age 5 and older (i.e., 5+).
LSmeans (±SE) within a class and trait not sharing a common superscript differ (P < 0.05).

1

a–c
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Table 9. Heterosis estimates (±SE) for whole-herd doe traits within 2-breed diallels
Trait
Breeding weight, kg
Kidding rate, %
Weaning rate, %
Survival rate, %
Litter size weaned, kids/doe exposed
Litter weight weaned, kg/does exposed
Fecal egg count, eggs/g
Packed cell volume, %

Boer–Kiko
3.56 ± 1.28*
19 ± 6*
16 ± 7*
6±5
0.23 ± 0.12*
6.98 ± 3.76*
−0.07
0.84 ± 1.02

(9)
(48)
(54)
(15)
(42)
(37)
(−25)
(−2)

Boer–Spanish
3.21 ± 1.21*
16 ± 7*
17 ± 7*
11 ± 6
0.18 ± 0.12
4.41 ± 3.48
−0.19
0.53 ± 1.04

(8)
(35)
(41)
(20)
(31)
(25)
(−21)
(0)

*P < 0.05.
Value in parentheses is relative heterosis (i.e., the percent deviation of the reciprocal cross mean from the mean of the base breeds).

weaning weight heterosis previously observed in
this study herd for Boer-cross kids (Browning and
Leite-Browning, 2011).
Heterosis levels for doe fertility (i.e., KR) and
whole-herd reproductive output at weaning (WR
and litter traits at weaning) were high and significant (Table 9) for the Boer–Kiko F1 reciprocal cross.
Heterosis levels for reproductive traits were also
high for the Boer–Spanish F1 reciprocal cross, but
only fertility and WR tested significant (Table 9).
Nasrat et al. (2016) observed significant heterosis
in LWW for only 1 of 4 two-breed crosses of ewes.
Relative heterosis levels (25% to 48%) for reproductive traits in this study were higher than most
observations in ewes (Nitter, 1978; Long et al.,
1989), but similarities existed between the current
doe study and other ewe studies for whole-herd
litter trait relative heterosis levels (Fogarty et al.,
1984; Gallivan et al., 1987; Bittante et al., 1996).
Anous and Mourad (1993) reported relative heterosis of 4% for fertility in goats; however, the 2 base
breeds had identical fertility rates and one of the
reciprocal doe crosses was absent from the study.
No heterosis levels were significant for health traits
(doe survival rate, FEC, and PCV) in either breed
cross (Table 9); however, the relative heterosis was
numerically substantial for survival rate and FEC.
Heterosis seemed to enhance the performance
of Boer F1 does, especially when compared with
Boer-straightbred does. Caution is noted because of
the small sample size of Boer doe population, but
the research herd breeding plan was such that each
breed and cross had equal opportunity to contribute female offspring to this study. Boer does simply
demonstrated poor fitness from breeding and doeling production (Browning et al., 2011; Wang et al.,
2017) to doeling development and entry into this
study (Khanal et al., 2016). Heterosis likely contributed to the lack of a substantial decline in reproductive performance to weaning for Boer F1 does
when compared with their non-Boer base breeds.

In summary, Boer F1 does exhibited fitness
levels similar to or lower than Kiko and Spanish
base does and substantially higher than Boer base
does. This study further demonstrated lower fitness levels of Boer does than for Kiko and Spanish
does. Spanish goats and native goat types globally
have been generally devalued by many in industry and academia because of perceived inferiority
as meat producers leading to widespread crossing
with Boer goats. This is typical when a new, exotic
breed is made available to improve or replace a
local landrace stock. Under the prevailing conditions of this study, no benefit was evident from
using Boer F1 does instead of Spanish- or Kikostraightbred base does for improved reproductive
output. Improvements in Boer F1 does over Boerstraightbred does in this study demonstrated the
ability of crossbreeding to enhance reproductive
traits in meat goats. It helps managers to know the
relative trait values of the base breeds to be crossed
to determine if the desired improvements are possible within the production environment.
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